Excited states and photochemistry of saturated molecules. X. A b i n i t i o calculations on the vertical states of methylsilane J. Chem. Phys. 76, 3049 (1982) Potential energy surfaces are investigated for a number of low-lying excited singlet states of methane, using a split valence plus Rydberg basis set and singly excited CI. Of the six minima found, the lowest two are valence states. The lowest minimum corresponds to the products 1 1 B 1 CH 2 + 1 1 I.: H 2, in agreement with the observed threshold photochemistry, and is accessible by five separate routes from the lowest vertical state. The second valence minimum is a square planar structure. Of the four Rydberg minima detected, one is a local minimum on the otherwise dissociative B 1 surface and two correspond closely to CHt structures previously determined. None of the minima have a structure from which the radical products CH 3 • + H· are likely to be obtained.
I. INTRODUCTION
The vacuum UV photolysis of alkanes is particularly intriguing in view of the striking difference in threshold decomposition products relative to the corresponding pyrolysis products. 
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In the above M is some subunit of the alkane, while R 1 and R 2 may be hydrogens, methyl groups, etc. For normal alkanes R 1 and R 2 are commonly secondary hydrogens.2•3
Based on Ruedenberg's interference model of chemical bonding~ and using a semiempirical MO method, 5 it was argued in earlier papers of this series 6 -8 that the difference in the processes (1) and (2) simply reflect the large changes in chemical bonding which occur on excitation. A drawback to this approach, however, is that the basis set used in the semiempirical method contains only valence atomic functions, whereas it is well established that, at least in the Franck-Condon region, the low-lying excited states of alkanes may be characterized as Rydberg states. 9 -12 While this does not necessarily mean that use of a minimal basis set is completely inappropriate (see b~low), it is important to investigate these a>This research was supported in part by National Science Foundation Grant CHE77-16362.
excited states using more sophisticated methods. Furthermore, any detailed analysis of excited state potential energy surfaces based on a semiempirical, minimal basis set approach must certainly be suspect. For these reasons the surface of the lowest excited state of methane has recently been analyzed using a more appropriate basis set. 9 The present paper extends this work to a detailed study of the methane surfaces in a number of low-lying electronic states.
It is pertinent at this point to comment on the frequent practice of characterizing electronic states as "Rydberg" or "valence." This terminology arises naturally from spectroscopic interest in a rather small region of the surface-the Franck-Condon region. The inherent danger in this practice, particularly from the point of view of photochemistry, has been noted by several authors9•13-16 and may be illustrated by the following simple example. Consider a parent molecule (e. g., an alkane) whose lowest excited state for a particular irreducible representation r is (vertically) a Rydberg state (R), so that the lowest valence state (V) in the same representation lies higher in energy. Now, suppose this molecule dissociates to products, both of which are in valence states at their equilibrium geometries. At some point on the surface the nature of the state must change from "Rydberg" to "valence," and, in fact, there may be a substantial portion of the surface for which neither characterization is appropriate. In terms of configuration interaction (CI) an avoided crossing has occurred between the initial Rydberg and valence states of the parent. This may be termed an R-Vavoided crossing (or a type D avoided crossing in Salem's terminology17) and has been illustrated for diatomics by Mulliken/6 for water by Flouquet and Horsley/ 3 and for methane by Gordon. 9 The real case is, of course, more complicated than the foregoing example since many states of a given symmetry (and therefore numerous avoided crossings) will be involved. 9 The important point is that, from the point of view of a photochemist, the characterization of a state according to its behavior in the Franck-Condon region is insufficient. If the R-V avoided crossing occurs close to the parent (or if the state is a valence state throughout the surface) a description of the state using a minimal basis set might be useful. On the other hand, if the avoided crossing occurs close to the products (or if the state is a Rydberg state throughout) the surface might be reasonably described by the corresponding positive ion. As will be shown below, both cases occur in methane.
As suggested above, our interest in excited states stems from an interest in the photochemical processes of saturated molecules. This is not intended to imply that the present (or previous) work constitutes more than a first step toward an understanding of photochemical phenomena. To fully understand such processes requires vibronic analyses as well as consideration of the dynamics of the problem. The former will be the subject of later papers, while the latter has been treated in the important work of Freed/ 8 Jortner/ 9 and others.zo
II. COMPUTATIONAL APPROACH

A. Basis sets
For most of the calculations the standard 4-31G basis set, zt augmented by a set of one s and three p Rydberg functions, was used. This basis, referred to as 4-31G+, has the diffuse functions (exponent= 0. 017) centered on the carbon. 9 Since our primary interest is in the rather time consuming study of excited state potential energy surfaces, a smaller basis set was also investigated. Denoted ST04G+, the latter basis augments ST04G 22 with a set of Rydbergs, again centered on the carbon. The exponent (0. 020) is an average of the energy-optimized exponents for the lowest excited state in each irreducible representation in T 4 symmetry.
B. Geometries
For methane the processes of greatest interest are dissociation to a methyl radical and a hydrogen atom (1) and to methylene plus H 2 (2). Thus, initially the procedure followed was to consider distortions from T 4 to C 3 ., and C 2 ., symmetry. For each point group the geometry of the lowest state in each irreducible representation was optimized using a modification of the conjugate directions method. 23 In addition to this, however, C 3 v
Estates can Jahn-Teller split into (A', A") pairs in c.
symmetry, and there is no guarantee that states which belong to one-dimensional representations will be stable to further distortions. Thus, each "optimal" geometry found in CZv or C 3 ., symmetry was tested for stability to distortions to lower symmetry. Finally, point groups with low symmetry (e. g., c., C 2 ) are subgroups of numerous groups of higher order. So, once a state has distorted from a parent group G 1 to a subgroup H, it may regain symmetry to some group G 2 for which His also a subgroup. Since T 4 has many subgroups, the possibility exists for some rather complicated surfaces to be found. Some of the more interesting interconnections are summarized in Fig. 1 The foregoing discussion is not intended to imply that all possible minima and interconnections on the surfaces of interest have necessarily been detected. To be sure of this would clearly require inordinate amounts of computer time: However, it is hoped that the systematic approach taken here has unraveled the more interesting aspects of these surfaces.
C. Configuration interaction
All excited state calculations have been performed using the SEC! approximation relative to the RHF ground state MO's: All single excitations from the ground state are included except those corresponding to excitations from the lowest occupied orbital. For a given state only configurations which belong to the appropriate irreducible representation are included. During the study of a surface, the energy ordering of the molecular orbitals generally undergoes numerous changes. To ensure that the proper configurations are always included, a set of algorithms are employed which determine the irreducible representation of each MO for the point group of interest. This level of approximation is by no means as sophisticated as the extensive CI used, for example, by Buenker and Peyerimhoff 10 • 15 in recent spectroscopic investigations. The study of complex surfaces involves large numbers of function evaluations and necessitates the use of a lower level of computation. With regard to vertical excitations it is encouraging that recent excited state SEC! calculations in this laboratory on ethane and propane24 are in good qualitative and quantitative agreement with the more extensive calculations of Buenker and Peyerimhoff. 25 The validity of the surface studies is at least partially supported by the consistency of the results with the obServed threshold photochemistry. It should be noted that the lower excitation energies predicted by the smaller basis sets (ST04G+, WP) are at least partially due to the fact that these favor the excited states due to the inclusion of Rydberg basis functions, while the larger basis sets provide a better description of the ground state. The Rydberg functions make a negligible contribution to the ground state using either 4-31G+ or ST04G+. Table I is the dominant configuration for each state, according to 4-31G+. For the states listed these are in agreement with ST04G+ and with MRSY Note that the lowest five vertical states are dominated by excitations into the diffuse Rydberg MO's and therefore may be characterized as Rydberg states at this geometry. There is a sharp break of 3 eV between the highest of these Rydberg states (2A 1 ) and the lowest vertical valence state (2 T 1 ).
Also listed in
IV. DISTORTIONS FROM 7d
Because of the complicated interconnections among point groups for methane on distortions from T 4 symmetry, it is useful to introduce the notation depicted in Fig. 2 . In general, the nth state with irreducible representation r in T 4 symmetry will be labelled nr ( T 4 , m), where m refers to the energy order of the state in T 4
• Similar comments apply to D 4 h symmetry. Small distortions from T 4 to some subgroup H will result in nr (T 4 , m) becoming n'r' (H, mr) , where r is one of the components of nr in subgroup H. Note that the notation r is not energy related since different small distortions will split the components of nr in different ways. Further distortions from H are denoted in the same way with a numerical subscript added to r. It should be clear that as a distortion becomes large and significant CI mixing occurs, the parentage depicted in this way becomes less meaningful. This notation, then, is mainly a bookkeeping procedure.
A. Distortions to C 2 v
Distortions from T 4 to C 2 " symmetry are depicted as route III in Fig. 1 , and state correlations are indicated on the right hand side of Fig. 2 . A summary of the surfaces followed is given in Fig. 3 . Initially, the geometry for the lowest excited state in each irreducible representation of C 2 " was optimized; however, since 2B 1 (C2v, 3a) is lower in energy than 1A 2 (C 2 "' 2b), this state was investigated as well.
As discussed in detail in an earlier paper, 9 1B 1 (C 2 "' 2c) rapidly loses its Rydberg character as one pair of bonds lengthens and the angle between them decreases. No bound minimum is found for this state, and the molecule dissociates heterolytically to ground state H 2 and 1 1 B 1 CH 2 • The latter is a valence state with only 0. 05 electrons in the diffuse basis functions compared with a population of nearly 1. 0 in the vertical geometry. During the course of the dissociation numerous avoided crossings among the B 1 states occur as discussed in Sec. I. The behavior of this state is in agreement with the observed threshold photochemistry (Eq. (2)]. Since the nature of 1B 1 (C 20 , 2c) changes rapidly from Rydberg to valence on distortion from Td symmetry, one might reasonably expect a basis set without Rydberg functions to provide a qualitatively correct description of the surface. Indeed, both ST04G 27 and 4-31G 28 predict this state to dissociate in the same way. IND0 5 predicts a stable transition state with one pair of very long bonds and a small angle between them. 6 This behavior is not unexpected, 29 but it is qualitatively correct.
The lowest Bz ( C 20 , 2a) state has been considered previously using ST04G, 27 and a similar result is observed with 4-31G+. In C 20 symmetry the two pairs of hydrogens are distinguished only by the lengths of the corresponding CH bonds and the angles between them. Similarly, the distinction between B 1 and Bz rests on a somewhat arbitrary distinction between the XZ and YZ planes. The optimal geometries for 2A 1 (C 2 v, 2b), 1A 2 (C 2 .,, 4a), and 2B 1 (C 2 v, 3a) are listed in Table II . It is clear from the net Mulliken population in the Rydberg functions (PR) that these states may still be characterized as Rydberg. With the longer pair of CH bonds (R 1 ) in the XZ plane, the lt 2 and 2t 2 MO's split as follows on small distortions from Td to C2v:
At their "optimal" geometries, 1A 2 (C 2 .,, 4a), 2B 1 (C 2 v, 3a) and 2A 1 (~v• 2b) are dominated by the excitations lb 1 -2b 2 , lb 1 -2bh and lb 1 -5~. It is not surprising, then, that the predicted geometries for all three states are quite similar to the C 2 ., geometry found by Lathan et al. 30 for 2B 1 Clf4. The latter geometry is also included in Table II. The geometries predicted by ST04G + for 2A 1 ( C 2 .,, 4a), and 1A 2 (C 2 v, 4a), are listed in Table II for comparison. For both states the angle between the long pair of CH bonds is overestimated by about 10°; otherwise the two basis sets are in good agreement. This implies that the smaller basis set will be as useful for estimating geometries of low-lying excited states as ST04G is for estimating ground state structures. Removal of the diffuse basis functions results in much larger distortions (Paper IV) from the vertical geometry. 27 • 28 Since the geometry optimizations of the three states discussed above were restricted to C 2 v, it is important to investigate the stability of these states relative to distortions to lower symmetry. This may be done by distorting the molecule along the five internal symmetry coordinates depicted in Fig. 4 fore correspond to route lilA in Fig. 1 . Route IIIB, reduction to C 2 symmetry, is attained by S 5 in which the two CH 2 groups are rotated relative to each other. ·Using bondlength and angle displacements of 0. 01 A. and 1. 0°, respectively, the energies of all three states increase under S 1 -S 4 distortions, and therefore appear to be stable to reduction of symmetry to C a• Rotation into ~ symmetry, ho~ever, results in a negligible change in energy (-1 x 10-8 au). In view of the latter result the geometries were reoptimized with the symmetry restrictions reduced to C 2 • As shown in Fig, 3 , this leads to an energy lowering for all three states, so the three ~v structures appear to be saddle points.
In C 2 symmetry 1A 2 (C 2 v, 4a) and 2B 1 (C 2 v, 3a) become 2A (C 2 ,4a 1 ) and 2B (C 2 , 3a 1 ). On geometry optimization both states regain symmetry to D 2 and attain the same geometry (Table III) and energy (Fig. 3) . The reason for this may be seen most simply by considering the D 2 structure as a small distortion from lE (flu, 2d). This is a classical Jahn-Teller distortion 31 which splits the parent state into 1B 3 (D 2 , 2d 1 ) and 1B 2 (D 2 ,.2d 2 ). As shown schematically in Fig. 5 , the direction of the displacement determines which of the two components is raised in energy and which is lowered. Now, if we define the X axis such that it bisects a (R 1 R{) and a (RzR;,) and the Z axis such that it bisects a (R 1 Rz) and a(R{R~), then 2A (C 2 , 4a 1 ) and 2B (C 2 , 3a 1 ) correlate with 1~ (.Dz, (Table II) is also a saddle point depends on the effect of the upper MO on the excited state of the neutral molecule.
The 2A 1 (Czv, 2b) state becomes 3A (Cz, 2b 1 ) on small distortions to Cz. Full optimization of the structure of this state (within Cz symmetry restrictions) results initially in a small decrease in energy through a saddle point very close to the l.B:J (Dz, 2d 1 ) geometry. At this structure (Table IV) (D 24 ) with lBzu (Du) will be discussed in more detail below. At this point note that on flattening from Dza to D 4 h symmetry the state has been transformed from Rydberg (PR = 0. 9539) to valence (PR = 0. 0274). This implies that an R-V avoided crossing has occurred, resulting ultimately in an energy decrease of 2. 8 ev relative to the Rydberg saddle point. Note that a calculation of the CH4 ion would detect the Rydberg saddle point but not the true valence minimum on the surface.
Since the Czv structures at lAz (Czv, 4a) and 2A 1 (Czv, 2b) appear to be saddle points, or at least very flat portions of the respective surfaces, it is of interest to investigate the energetics of dissociation of these states (to CHz +Hz) relative to distortion through Cz symmetry. In the absence of local ripples on a surface the preferred products will be those of lowest energy. This suggests that at least one of the products will be formed in its ground state. For lAz there are two most likely sets of products:
Since the lowest 1 Az state of methylene has not been characterized, a quantitative comparison of (3) and (4) is not possible from experimental data. The lowest 3llu state of Hz is 11.9 eV above the ground state. 3 z Since all of the states of CHz with known excitation energies are less than 4. 5 ev above the 3 B 1 ground state, 31 it seems likely that (4) will be favored over (3) .
At the present level of calculation, if one chooses R 1 in Table II Fig. 3 shows that this places the lAz (Czv, 4a) products slightly above the parent vertical state, 2 Tz ( T 4 , 4). Thus, it appears that dissociation of lAz ( C 2 v, 4a) is not competitive with distortion through C 2 symmetry to 1B 3 (Dz, 2d 1 ). Turning now to the 2 1 A 1 state, the most likely dissociation process is ( 5) since the methylene product state is only 4. 4 eV above the ground state, whereas the lowest excited state of H 2 has an excitation energy of more than 11 eV. 22 The products in (5) are calculated to be 0. 69 eV above the 2A 1 saddle point. As shown in Fig. 3 , this places these products nearly 0. 5 eV above the vertical parent state, 1 T 2 ( T 4 , 2). Thus, it appears that the twisting through c; symmetry to D4h 1B 2 u is the preferred process.
B. Td-D. 8 rD 411 surfaces
Because of the importance of the D 4 h and near-D 24 structures discussed in the previous section, an analysis was carried out of the behavior of low-lying states due to distortions from Ta through Du to D 411 symmetry. For simplicity all bondlengths were fixed at 1.113 A. This corresponds to the optimal geometry of 1B 3 (D 2 , 2d 1 ) and is intermediate between the ground state and square planar (1Bau) bondlengths. The independent parameter (henceforth referred to as a) is taken to be a(R 1~) = a(RU~~), and this is varied from tetrahedral ( 7;,) to 1SOo (Du).
To aid the following discussion a schematic is presented in Fig. 6 of the behavior of the low-lying T 4 states on small (5. 5°) distortions to D 24 • Since the stateto-state correlations are clear in this and the following figure, the notation introduced in Fig. 2 has not been used. All states of interest arise from excitations out of the lt 2 MO which splits into 1b 2 and 2e in Dza. Of the states shown only 2 T 1 ( T 4 , 7) and 2E ( T 4 , S) are dominated by valence excitations, and the lowest valence component, 4A 1 (Dza, Sa) is more than 2 eV above 3A 1 (Dza, 6a) at a= 115°. The energy variation with a for the more interesting of these states is shown in Fig. 7 .
First, consider those states which are A 1 in Du symmetry. These can arise either from A 1 or E T 4 states. At a= 115° (Fig. 6) 2A 1 (Dza, 4c) and 3A 1 (Da 4 , 6a) are Rydberg states, 4A 1 (Dza, Sa) is largely valence in character, and 1A 1 is the closed shell ground state. As a increases, the gap between 4A 1 (D 24 , Sa) and 3A 1 (D 24 , 6a) decreases from 3 ev at tetrahedral to about 1 ev at 125°. An avoided crossing occurs between these two states in this region, with 4A 1 (Dza, Sa) becoming Rydberg (1e-2e) and 3A 1 (Dza, 6a) valence (1b 2 -3b 2 ) by the time a=130°. The crossing, shown in Fig. 7 4) whereas the parentage of the same state via C 2 v distortions appears to be (Fig. 3) 1 T 2 ( T 4 , 2) . The explanation for this is the occurrence of a 2A-3A avoided crossing in C 2 symmetry as noted in Sec. IV A. Thus, the existence of large numbers of states of a given irreducible representation within a relatively small energy range has an important effect on the behavior of the surfaces of these states through avoided crossings. If anything, it is likely that this effect will become more important as the size of the alkane increases since the density of excited states will also increase.
In Fig. 7 it appears that 1B 2 u (D 411 , 2) lies about 1 eV above 1A 1 , (D 411 , 1); however, at the optimal geometry of lBau (R=1.157° A) this state is only 0.49 eV above the closed shell SCF state. This raises an interesting question: Would the addition of d orbitals preferentially favor one or the other of these two states? To answer this question a 6-31G* + calculation 33 was carried out using the 4-31G+ Rydberg exponents. The order of the two states is unaffected, but the energy gap is reduced to 0. 26 ev.
Since many of the geometries determined within particular symmetry restrictions have ultimately been found to be saddle points, it is of interest to determine if the 1B 2 u square planar structure is indeed a true minimum. To investigate this force field was calculated for lBau by the finite differences method discussed by Payne. 34 This assumes that the surface is close to quadratic near the minimum. Small displacements (0. 02 A for bondlengths, 2° for in-plane angles, 5° for out-of-plane angles) were carried out for each of the internal coordinates (including the redundancy condition), and the resulting internal co- 
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Td ordinate force constant matrix was transformed to Cartesian coordinates using the B matrix method. 35 Diagonalization leads to nine positive eigenvalues; thus verifying the existence of a minimum at the square planar geometry. It is noteworthy that the harmonic frequencies are ordered somewhat differently from those for a normal planar molecule. The two largest frequencies (6058 and 5872 cm· 1 , respectively) correspond to out-ofplane distortions to C 2 v and D 24 , respectively, while the two weakest displacements (1072 and 1158 cm· 1 , respectively) correspond to symmetric and antisymmetric stretching motions. U followed to dissociation the latter would presumably lead to the products CH 2 + 2H.
The lowest two E states in D 24 symmetry derive from 1 T 2 and 2 T 2 , respectively. On distortion to D 24 , 1E (D 24 , 2d) increases initially (Fig. 7) , while 2E (not shown) decreases. An avoided crossing occurs between these states at about a= 120°, where their separation is 0. 55 eV. As a result, 1E (D 24 , 2d) reaches a maximum and then decreases until a= 140°. This geometry is very close to the equilibrium structure of 1B 3 
C. Distortions to C 3 v and Cs
Distortions from tetrahedral to C 3 v symmetry are depicted as route I in Fig. 1 . The notation for small distortions is outlined in Fig. 2 and the ultimate results of these distortions are summarized in Fig. 8 . Again, ~he initial approach taken was to optimize the geometry of the lowest excited state in each irreducible representation of Csv• Subsequently, the geometry of 2E ( Csv, 3b) was optimized as well, since it was found to lie below 1A 2 ( C 3 v, 5a). The final geometries for the four excited states are listed in Table V , where they are compared with the ST04G + results. Note that the two sets of geometries are in rather good agreement, again indicating the utility of the smaller basis set for studying surfaces of low-lying states. All four states are dominated by excitations into diffuse orbitals, although 2A 1 ( C 3 v, 2f) and 1E ( C 3 v, 2g) have a somewhat greater contribution from valence antibonding MO's as indicated by the Ryd- The symmetry plane is determined by HCH'.
of 2At (C 3 v, 2j) in C 8 symmetry leads to a small decrease in the energy, but a substantial rearrangement of the geometry (Table VI) . In C 3 v symmetry 2At is dominated by the Rydberg excitation 3tZt-4at (CI coefficient= 0. 91), while in C 8 symmetry this becomes 2A' (4a'-5a') with a slightly diminished PR of 0. 8474.
At its optimal geometry 1E (C 3 v, 2g) is dominated by the le-4at excitation. For this geometry this corresponds to an excitation from the highest occupied (HOMO) to the lowest unoccupied (LUMO) molecular orbital. On distortion to C 8 le splits into la" and 4a', with 4a' lying higher in energy. Similarly, 1E (C 3 v, 2g) splits into lA" and 2A ', with the latter again being domina ted (for small distortions) by the HOMO-LUMO (4a'-5a') excitation.
As a result of full geometry optimization, 2A' ( C 8 , 2gt) regains C 2 v symmetry (Fig. 8) . During the process, an R-V avoided crossing occurs, and the molecule dissociates with no barrier to C 2 v t Et CH 2 +ground state H 2 • Thus, distortion from the lowest excited state of methane to either C 2 v (Fig. 3) or C 3 v symmetry leads to the same C 2 v products, in agreement with the observed threshold photochemistry.
It was noted above that both 2At (C 3 v, 2f) and 1E (C 3 v, 2g) are dominated by the excitation 4a'-5a' on distortions to C 8 symmetry. At the optimal 2At (C 3 v, 2f) geometry the HOMO is 3at ( 4a' in C 8 ), so that for both states 4a'-5a' corresponds to the HOMO-LUMO excitation. From this it should be clear that the 2A' (C 8 , 2/ 2 ) geometry in Table V is in fact a local Rydberg minimum on a surface whose true minimum is a dissociated valence state. Since this local minimum (under C 8 restrictions) is also the lowest (apparently) stable geometry found for a "Rydberg state," further investigations of the stability of this structure were undertaken by generating an harmonic force field. For methane in C 8 symmetry r vtb = 6A' E9 3A", and the redundancy condition also transforms according to A'. Since A' vibrations are totally symmetric, they preserve the symmetry of the molecule. Because the local minimum corresponds to an equilibrium geometry within C 8 symmetry, only normal vibrations in the A" subblock can lead to energy lowering. Therefore, only this subblock of the force field need be considered. where H{' and H;' refer to the two equivalent hydrogens.
Assuming that the surface is close to quadratic near the 2A' geometry, the harmonic force constants may be evaluated by the prescription given by Payne. 34 The resulting force constant matrix in internal symmetry coordinates is positive definite; thus, this structure is indeed a true minimum.
Full geometry optimization of 1A" ( C 8 , 2g 2 ) also results in recovery of symmetry to C 2 v (Fig. 8) 3b 2 ) . Optimization of the geometry for the former state leads to a rather large change in structure (Table VI) and a 1 eV drop in energy. 2A" (C 8 , 2b 2 ) regains C 2 v symmetry and, upon geometry optimization, becomes 2Et (C 2 v, 3a). As discussed in Sec. IV A, the latter is unstable to rotation into C 2 symmetry, so that 2A" (C 8 , 2b 2 ) ultimately becomes 1E 3 (D 2 , 2d 1 ).
V. CONCLUSIONS
The minima detected in this study and their relationships to the initial vertical states are summarized in Table VII . The stability of the upper three states has not been verified by diagonalization of harmonic force fields; however 1E 3 (D 2 , 2dt) was only restricted to C 2 symmetry and is therefore likely to be stable. Similar comments apply to 3A' (C 8 , 3bt). As noted in the Introduction, the two alternative modes of dissociation of methane are production of methylene + H 2 [Reaction (2) ] and the production of methyl radical and hydrogen atom [Reaction (1) ( C 3 v, 2j ) component which becomes a local minimum (in C 8 ) on the same dissociative surface. Since the geometry of this state is rather distorted from the original vertical geometry, it is likely that sufficient vibrational energy will be available 
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1T To summarize, of the eight components of 1 T 2 (Ta, 2) discussed above, five lead to the dissociative 1B 1 (C 2 u, 2c) surface, and a sixth is a local minimum on that surface. This is overwhelming evidence that the principal threshold photodissociation products will be methylene and ground state H 2 • It is also noteworthy that of the vertical states analyzed here, only 1 T 2 ( Ta, 2) leads to a dissociatve surface.
One can attempt a rough quantitative comparison with experiment by considering the following three energy differences: The first of these is just the vertical excitation energy quoted in Table I . ~E The experimental (calculated) value for this quantity is 3. 4 (5. 24) ev. Since the calculated values for ~E 1 and ~E 2 are 11.21 and -1.74 ev, respectively, it is clear that most of the error arises from the vertical excitation energy.
Only the lower energy components of the higher vertical states have been analyzed. Since none of the resultant surfaces are dissociative, the relationship between the present work and higher energy photochemistry must await further calculations in which dissociation processes starting from 1Bs (D 2 , 2d), 3A' (C 4 , 3b 1 ), and 1B 2 , (D 4 h, 2) are investigated. The first of these minima is accessible via two different distortions of 2 T 2 ( T 4 , 3) and via a C 2 v distortion from 1E ( T 4 , 4). Finally, it is worth noting that of all the states studied here, none has a minimum energy structure which would clearly be associated with subsequent dissociation to CH 2 +H. Even 1A 1 (Csv• 5a), whose parent [1 T 1 (T 4 , 5)] is forbidden, has one short CH bond and three long ones in its minimum energy geometry.
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